diseases make breathing extremely di cult, and patients can have life-threatening respiratory illness when the mucociliary escalator cannot maintain lung health.
HOW DO THE LUNGS WORK?
The primary function of the lungs is breathing. Gas exchange is
GAS EXCHANGE
The process by which carbon dioxide (CO ) waste is removed from the blood stream and replaced by inhaled oxygen (O ).
the name of the process by which oxygen enters the bloodstream (from inhalation) and carbon dioxide waste leaves the body (from exhalation). The structure of the lung has evolved to perform this task very e ciently. The basic structure of the lungs is a series of hollow tubes, called airways. Airways branch and get smaller, ending in tiny air sacs called alveoli. Alveoli are covered in small blood vessels named ALVEOLI Air sacs that make up the smallest portion of the respiratory zone; alveoli and capillary blood vessels are in very close proximity; this is where gas exchange occurs.
capillaries, which function to exchange gases in the blood [ ]. The lungs can be compared to a tree that has a large, main trunk with branches becoming smaller the further away they are from the trunk. The alveoli are like the leaves.
There are two main regions in the lung: the conducting zone and
CONDUCTING ZONE
The portion of the respiratory tract that is not involved in gas exchange; the purpose of the conducing zone is to move air to and from the respiratory zone; where the mucociliary escalator is located; found in the proximal lung from the trachea to the bronchioles. the respiratory zone (Figure ) . Air is carried into the lungs through
RESPIRATORY ZONE
The portion of the respiratory tract where gas exchange occurs; found in the distal lung where alveoli are located.
the conducting zone and brought to the alveoli-containing respiratory zone. The alveoli from one person have the same surface area as a tennis court, which is plenty of area to allow for gas exchange. The conducting zone is the part of the lung that air flows through without any gas exchange, because the tubes are too thick for the gases to move across. The conducting zone is lined with hair-like structures called cilia that are covered in mucus, which helps trap potentially CILIA Mobile, hair-like projections on the top part of cells lining the conducting zone airways; cilia move mucus along the mucociliary escalator. dangerous materials. Cilia are mobile, tiny, finger-like projections on the surface of airway cells. Cilia line the airways and help move mucus up and out of the lungs [ ]. Cilia are about -micrometers tall, or roughly a tenth the width of a human hair [ , ] .
PARTICLES AND GERMS IN THE AIR-WHY THE LUNGS NEED DEFENSE
There are many types of particles that could enter the lungs and cause damage. Some of these particles are pollutants, such as emissions from gas-powered vehicles, carbon monoxide from fireplaces, toxins from vaping or smoking, and aerosols like hairspray. Particles can get trapped in various areas of the lung. Short hairs, like the kind on top of your head, line the insides of the nostrils and are covered with mucus. These mucus-covered hairs help trap larger particles as they enter the nose. Particles that enter the conducting zone can hurt the airway cells, which may reduce the movement of their cilia and lead to a buildup of mucus that cannot be cleared from the airways [ ]. Mucus-clogged airways may not allow air to travel as e ectively, like the way leaves in a gutter interfere with water flow.
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September | Volume | Article | Figure   Figure The mucociliary escalator in a healthy person (left) and in a person with a diseased mucociliary escalator (right). The mucociliary escalator is found in the trachea, bronchi, and bronchioles, which are part of the conducting zone. Gas exchange occurs in the alveoli in the respiratory zone (inset).
Smaller particles can sometimes get all the way to the alveoli. Damage to the alveoli makes breathing considerably more di cult, because oxygen will not di use as well into the blood. This reduced e ciency of gas exchange may cause the rest of the body to be hypoxic, which means low in oxygen. Only the conducting zone, from the trachea to the bronchioles, has the ability to move mucus using cilia, so alveoli cannot rely on this mechanism to get rid of these small particulates [ ]. Living in a polluted city or years of smoking/vaping can cause the lung tissue to become inflamed and lead to diseases, such as chronic obstructive pulmonary disease (COPD) [ ].
WHAT IS THE MUCOCILIARY ESCALATOR?
The mucociliary escalator is inside of the conducting airways and is
MUCOCILIARY ESCALATOR
Term for the apparatus of mucus and cilia; responsible for movement of mucus up and out of the respiratory tract; mucus traps particles and cilia propel mucus up and out of the lungs.
made up of mucus and cilia, which moves the mucus up and out of the lungs where it can be expelled by coughing or swallowing (Figures , ) [ ]. As the first line of defense, airway mucus is made up of di erent components that help it trap particles and germs [ , ] . Mucus is a physical barrier to protect the lung and has properties that help get rid of potentially infectious bacteria, fungi, and viruses [ , ] . Some of the important components of airway mucus are mucins (sticky, sugar-coated proteins), defense proteins, salt, and water. Together, these components form a gel that traps particles that enter the airway [ ].
Mucus is mostly produced by cells that line the inside of the airways. These are called goblet cells. involved in the hydration of airways, which is necessary for proper function of the cilia [ , ] .
The movement of cilia is similar to the way your arms move while swimming the breaststroke [ ]. An individual cilium is not strong enough to move the mucus layer on its own, but when thousands of cilia beat together in a coordinated fashion, they can collectively cause the mucus to move [ , ] . Imagine a crowd at a concert when the performer dives o the stage to crowd surf: the performer is like a bundle of mucus, being held up by the arms of the crowd and moved along in a coordinated wave. In a sense, the cilia talk to each other through movement to produce coordinated, e cient movement of the mucus! This is how the mucociliary escalator works.
WHAT DISEASES CAN HAPPEN WHEN THE MUCOCILIARY ESCALATOR IS NOT WORKING CORRECTLY?
Some people inherit abnormal genes from their parents and are born with a disease called primary ciliary dyskinesia (PCD) (Figure ) . PCD is a lung disease that prevents the cilia from beating e ectively and, in severe cases, prevents them from moving at all [ ]. In PCD patients, the airways become infected due to ine ective mucus transport, which damages the airway cells. When airways become damaged over time, they become floppy, like a collapsed straw, preventing air from moving through them and causing breathing to become di cult. Imagine drinking a thick, delicious milkshake; less e ort is required when you use a normal-width straw compared with a straw that is the width of a spaghetti noodle. 
CONCLUSION: WHY MUCUS, CILIA, AND THE MUCOCILIARY ESCALATOR MATTER
Proper function of the mucociliary escalator is required for healthy lungs. Mucus and cilia are a primary defense mechanism for the lungs. If there is a problem with either the mucus or the cilia, the airways may become blocked and the harmful germs and particles can be trapped in the lungs, causing damage. Genetic diseases like PCD and CF and acquired diseases like COPD negatively impact the mucociliary escalator. These lung diseases can result in less gas exchange and cause the rest of the body to become hypoxic. So remember-when you are home sick with a cold, the mucus you are coughing up is from your mucociliary escalator, and it is helping to keep your lungs happy and healthy by removing potentially damaging particles and germs!
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